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• Reproduction of this document in whole or in part is prohibited except with permission of the Commander/Director, Chemical Systems Laboratory, Attn: DRDAR-CLJ-R, Aberdeen Proving Ground, Maryland 21010. However, the Defense Documentation Center and the National Technical Information Service are authorized to reproduce the document for United States Government purposes. INTRODUCTION In early development, while operationally testing agent alarms in the cold temperature chamber, the scientists were required to test the alarms with chemical agents. During their investigation, the scientists were to find a method of testing with agent that would be safe as well as easy to use. The chosen method was one which utilized a U-tube filled with agent laden alundum. 1 Later, Baldauf and Ong worked on a simplified version of the Q-5 agent generator, developing a device which they called a portable generator. 2 The portable generator, which was safer and stabilized more rapidly than a Q-5, was used to generate low concentrations of GB and VX for detector purposes. 3 This portable generator was later modified for use in testing the XM256 detector kits.* Using this modified portable generator, various agents were generated to complete the XM256 detector kit testing.
II. EXPERIMENTATION.
A. Portable Generator.
The portable generator consists of four main parts: an air pump, valved flowmeters, a bubbler for agent or external agent source, and an agent chamber (figure I). 4 1.
Air Pump.
The air pump, a small Gast-type vacuum pump, provides the desired volume of air that is necessary for the device to be tested. The air from this pump is divided into two parts: one part, which is dried by passing it through a drying column, is flowed through an agent-filled bubbler; and the second part, which is of greater volume, is used to dilute the dry agent-filled air (figure 2). Later in the XM256 detector kit testing, it was necessary to divide the air from the pump into three parts so as to obtain a high humidity environment (80% to 95% RH) (figure 3).
2.
Valved Flowmeters.
The flowmeters are panel-mounted, high-accuracy needle-valve-type with both glass ball and stainless-steel ball floats. The flowmeter used to control the dry agent-carrying air indicates from 4 to 262 cubic centimeters per minute, and the flowmeter used for the dilution air indicates from 1.5 
3.
Bubbler for Agent or External Agent Source.
The bubbler used for the agent supply is a standard Edgewood-type, approximately 5 inches long and 1 inch in diameter (figure 4). The air enters the top of the bubbler, bubbles through the agent, and discharges through a side arm of the bubbler into the chamber. Agent Chamber.
The agent chamber (figure 4) part of the generator is a box of clear acrylic sheet approximately 10 inches long, 8 inches high, and 7.5 inches deep. The chamber is connected to the agent supply with a glass socket joint (12/5) to which a glass T is connected; the agent-carrying air and the dilution air flow to the two branches of this tee. An Mil combat canister is connected to the discharge part of the chamber, through which the excess agent-diluted air flows. The system is noncontaminating since all agent is removed from the effluent by means of the canister. The front of the chamber has a sloped face with three holes, two of which are large and are fitted with No. 15 rubber stoppers; the third hole, cut in the top center portion of the front, is fitted with a small stopper (No. 5) which has a glass angle tube with a glass ball joint (12/5) on the end for external agent sampling. The large holes are used for insertion and withdrawal of detector devices. A complete list of parts for a portable generator is given in table 1.
B.
Agents Generated.
The various agents used in the portable generator were determined by the requirements for testing of the XM256 detector kit. These agents were as follows: GA, GB, GD, VX, AC, CK, CX, HD, and L. The above agents had such a varied vapor pressure that each had to be handled differently in order to generate the required concentrations in the portable generator.
111.
DISCUSSION.
The portable generator was first developed for testing various agent alarms; later it was modified for use in testing the XM256 detector kit. The most notable improvements that the modified portable generator have over previously used equipment include: (l)time to reach a stable concentration, (2) size and compactness, and (3) safety.
In past years, most agents were generated at Edgewood Arsenal (now Chemical Systems Laboratory) with a Q-5 dilution apparatus. Many times this type of generator had to be charged with agent at startup and allowed to run for a period of time (from a few hours to a few days) until the agent concentration was stabilized. Often, if a change in concentrations were desired, it would again mean a long wait until the new concentration was stabilized. Using the portable generator, one can start the generator in the morning of a test and have a stabilized concentration in 1 hour or less.
In comparing the older Q-5 generator and glove box with the modified portable generator, a great difference is seen. The Q-5 generator is 16 inches long, 13 inches wide, and 28 inches high. The Q-5 generator was then connected to a glove box whose dimensions were 25 inches long, 12 inches wide, and 24 inches high. Together, these two pieces occupied a large volume. In comparison, the modified portable generator is 18 inches long, 8 inches wide, and 14 inches high. In almost every dimension, the modified portable generator is smaller than either of the two combined pieces of previously used equipment. This smaller size was especially useful later, when testing of the XM256 detector kit had to be done in an environmental chamber.
Safety in using the portable generator is also a consideration. In most cases, the Q-5 generator used an agent holder which required approximately 20 to 25 milliliters of agent. The portable generator was designed to use agent in a bubbler to generate concentrations and, in most cases, the agent bubbler contains a dilute mixture of agent and a carrier (solvent). When neat agent was required, a mini-bubbler was used in order to minimize the amount of agent actually used, usually 1 to 2 milliliters. When using the portable generator, it should always be used in a laboratory hood with a hood face velocity of at least 150 ± 30 feet per minute. Also of note is the exit canister of the generator; a filter-use record should be kept, and the filters should be changed at regular intervals (not more than 1 year, depending on frequency of use). 
26.
Clamp to hold drying column (1 each).
27.
Ground Glass Ball Joint, 12/5 size, 6 inches long bent at 2-1/2 inches from ball to approximately 45° (1 each).
28.
Ground Glass Socket Joint, 12/5 Size, 2-1/4 inches long (1 each). 
T Joint with Ground Glass Sockets at

33.
Critical Orifice (Brass Tube 1-1/2 inches long and 5/16 inches in diameter Blanked Off at One End) Hole in one end to allow no more than .3 liter of air to pass through (1 each).
OPTIONAL PARTS FOR HUMIDIFIED GENERATOR
When generating various agents in the portable generator, a variety of techniques and settings were used. For all nerve agents, with the exception of VX, a very dilute mixture of from 1% to 5% of agent and either hexylene glycol or propylene glycol was used. The blood gas AC was first generated from a 20% aqueous KCN solution, and later from a HCN-air mixture cylinder (1500 ppm). When generating the blood gas CK, the neat agent was used. Generation of the blister agents HD and CX was done again using dilute solutions of agent. For HD, the solution was 20% HD in hexylene glycol and for CX, the solution was approximately 20% CX in water. The only neat agents used in the generator were the nerve agent VX and the blister agent L. Some of the typical portable generator settings for a given concentration at room temperature are listed in table 2.
IV. CONCLUSION.
The portable generator can be used to generate vapors of chemical agents at controlled concentrations. The use of this type of generator allows a stable concentration to be generated in a shorter time than the older Q-5 generator. The safety factor is another important advantage in the use of the portable generator since a smaller amount of agent is used either neat or in a diluted solution. Also, the generator is much smaller than apparatus previously used. Because of these factors, the portable generator should be used to produce any controlled vapor concentrations of almost any chemical agent. GB -2% in propylene glycol use ice bath.
GD -5% inhexylene glycol use 85° F water bath.
VX -neat agent use 110°F water bath.
AC -gas cylinder mixture (about 1500 ppm).
CK -neat agent use ice bath.
HD -20% inhexylene glycol use 85° F water bath.
CX -5% in water use ice bath.
L -neat agent use ice bath. 
